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INTRODUCTION

The purpose of the Fortran program MAGDEP is to provide a method
for finding the depth to two-dimensional magnetic source bodies when
given only the total field magnetic intensity profile. The assumptions
made in this depth analyéis‘are that the causitive source body is:

1. A two-dimensional structure

2. Uniformly magnetized

3. A finite or infinite polygon in cross section
Unlike other methods for magﬁetic depth determinations which assume a
given body shape, this technique allows the shape of the source body
to emerge during the analysis. The final result is a sequence of spot
depths which locate the pos;tion and depth to the corners of the
magnetic source body. The correct outline of the body iz contrelied
by the shape of the magnetic intensity profile which has been reduced
to the pole. This reduced polar profile is also determined by program
MAGDEP. Two depth analyses are made by the program; one for thick
polygonal bodies and thé ofher for thin (thickness less than depth)
or narrow bodies. The determinatién of the correct magnetic source

body shape depends upon a careful interpretation of the results from

both depth analyses.



Theoretical Aspects

The method used by program MAGDEP is based on the theoretical
work of Nabighian (1972). The reader interested in the details of
the theory should refer to his pager ; this section will only outline
the theoretical asp&cts which have been applied to program MAGDEP.
Nabighian (1972) shows that all bodies of polygonal cross section
can be obtained.by the superposition of a finite number of magnetized
steps. He gives the magnetic attraction for'such a magnetized step
as AM(x) (in eqg. 1) and then uses it as the starting point for the
analysis. Differentiating the attraction of thé magnetized step with
respect to x yields the horizontal derivative and this represents the

magnetic anomaly due to a/thin infinite sheet: T(x)= %k AM(x) . The

vertical derivative of the magnetized step is obtained by differentiating

with respect to y: T (x)= %VA'M (x). A comparison of the two derivatives

shows that T(x) is the negative Hilbert transform of Tl(x). When one

forms the complex analytic signal function from the two derivatives:

A(x)=T(x) - i Tl(x) many interesting properties arise. Those properties

which are used by MAGDEP include:

1. The amplitude [A(x)l is a symmetric function with respect to
Xx=0.

2. The complex function A(x) has simple poles at each corner of
the polygon, 2

3. The bell-shaped function a(x) =|A(x)| = T(x)2+ Ti(x)2 has
the property that its half-maximum half-width is equal to
the depth to the polygon corner.



From this brief introduction to the theory, the procedure for computing
the depths to the magnetic source bodies becomes more defined. In the
depth analysis for thick source bodies:

1. The total field intehsity profile (residual values) is
differentiated with respect to x to yield T(x).

2. A fourier transformation, spectrum modification, and inverse
fourier transformation is performed to obtain the complex
analytic signal function: A(x) = T(x) - iTl(x)

3. The amplitude squage of thezsignal function is computed to
give: a(x) = T(x)" + T, (x)". The deconvolution of the aw
curve into a finite number of bell-shaped symmetric curves
gives the locations and depths to the corners of the magnetic
source body.

The depth analysis for thin (thickness less than depth) magnetic source
bodies is accomplished by the same procedure with the exceptién that
in step 1, the total field intensity profile is not differentiated.

In the general case, where the relief of the magnetic source body
is irregular, each corner of the body will contribute a symmetric
bell-shaped component to the a(x) = T(x)2 + Tl(x)2 curve. To identify
each of these symmetric components, it is necessary to deconvolve the
a(x) curve using a nonlinear least square optimization routine. The
procedure used by MAGDEP was derived by Marquardt (1963) and is
similar to the technique described by Johnson (1969). See Appendix I
for more complete details. The amplitude square curve can also be
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written as: a(x) = wheres(is a proportional to the magnetic

h +(x-c)2

susceptibility and the dip of the polygon side, h is the depth to the

polygon corner, x is the dependent position variable, and c is



the location of the polyéén corner along the profile. Each corner of
the magnetic source body will contribute a bell-shaped symmetric curve
controlled by the three parameters <, h, and c. At the start of the

least square optimazation procéss, initial values must be assigned to

-each of the parameters; the 'goodness of fit' of the final solution

o

depends to a large extent upon the quality of the initial guesses.
Program MAGDEP uses the following procedure for locating the symmetric
bell-shaped curves and determining the initial values for each of the
parameters (no. of parameters = 3 x no. of bell-shaped.curves):
1. All local maxima of the a(x) curve are checked to see if:
a. The a(x) value is larger than an arbitrary cutoff value.
b. The second derxivative of the a(x) curve is large enough.
(controlled by maximum expected source depth ZMAXKM)
* 2. If step 1l is true, the initial parameter values are found
according to:
a. h(depth): f£find the local half-maximum half-width from
the a(x) curve
b. «: use the a(x) value at the peak of the bell-shaped
curve (=«2/h?)
c. c (position): use the x-position of the peak of the bell~
shaped curve
After the initial symmetric curves are located, the least square routine
is used to obtain a trial solution. The residual values (a(x) -
computed values) are then examined by a similar procedure to determine
whether mbre bell-shaped curves are present. The final solution is
the 'best fit' of the a(x) curve by the least squares computed curve
(using all bell;shaped curves). Depths and locations of the magnetié

source body corners are derived from this final least squares approx-

imation.



Using the Program

Program MAGDEP has been designed so that it can be used in one
or two sections depending upon the desires of the user. The first
section computes the a(x) curve and the magnetic profile reduced to
the pole; the second section does the least squares analysis of the
a(x) curve (see theory section). Experience working with MAGDEP has
shown that section 2 generally is from 5 to 15 times more time consuming
(and expensive) than section 1 and under some circumstances, where
high precision is not required, satisfactory results can be obtained by
omitting section 2 and using only a visual inspection of the a(x) curve.
A second point is that since computation time in the least squares
routine increases rapidly with the addition of each bell-shaped curve,
the user should consider examining the a(x) curve for each new profile
prior to using the least squares routine. Knowing the approximate
number of bell-shaped curves present will not only save computation
time but will also reduce the chances of obtaining a poor solution
because too few bell-shaped curves were specified by the user.* With
these notes of warning, the following procedure is suggested for the
new user of MAGDEP:

1. Read the theory section in this program description of MAGDEP
to become familiar with the terminology used here

2. Look over the program output given in the example (Appendix II)

3. Use the program thru section 1 to obtain the plot of the
a(x) curve .

4, Examine the a(x) curve to get a feel for the number and type
of bell-shaped curves present. The shapes and sizes of the
curves present will give a rough estimate of the depths to the
body

*Example of computation time for 100 data points on an IBM 360/70 system:

Section 1 only: 4 sec. execution

Section 2 only: thick body analysis only, 7 bell—shaped curves,
’ 4 LSQOR iterations: 20 sec. execution
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5. Refer to the do's and don'ts section for help in deciding
whether the profile should be broken into smaller segments

for analysis.

6. Resubmit those parts of the profile which require precision
depth estimates using the least squares routine.

Input constants required:

Card 1: (required)
(20A4)

Card 2: (required)
(F10.1,2110)

Card 3: (required)
(110,F10.1,2110,F10.3)

Cols: 1-80

Cols: 1-10
11-20

21-30

Cols: 1-10

11-20

21-30

Heading

SPDKT

ID

ISECT

IBOD

IPOLE

(must be right-justified)

ship speed in knots

data interpolation flag

=1 want data to be inter-
polated (must use card 4)

=2 use input data as is.
(data must be evenly
spaced)

: Number of program sections

to use (see above)

=1 compute a(x) curve and
profile reduced to the
pole (optional)

=2 do this and use the
least squares routine

Types of bodies to do
analysis for

=1 Thick bodies only
=2 Thin bodies only

=3 Both thick and thin
bodies

Maximum estimated depth
to the magnetic source
body in kilometers

Profile reduced to the
pole flag

=0 do not want the reduced
profile

=1 do want the reduced
profile (must use Card 5)



Cols: 31-40

41-50

Card 4: (use only if ID = 1)
(2F10.2, F10.1, I10) Cols: 1-10

11-20

21-30

31-40

INPLT

CUTAX

XSHR

XEHR

DXMIN

.
.

Request for the initial
plots containing the a(x)
curve, the initial para-
meter curve, and the
residual total field
profile. (Recommended as
being useful)

=0 do not want the plot
=1 do want the plot

A factor which is to be
multiplied by the internal
value of the a(x) .curve
cutoff point. This is
used in determining whether
local maxima of the a(x)
curve are to be considered
as bell-shaped curves.
(Recommend using CUTAX = 1.
on first run)

Starting point for the
data interpolation in
hours of elapsed time from
the start of the profile
(must be = o))

Ending point for the data
interpolation in hours of
elapsed time from the
start of the profile (can
be larger than the time
of the last data point)

New time increment at which
data is to be sampled (in
minutes) (recommend DXMIN =
2.0r S, for ships magnetic
profiles)

: Maximum number of points

desired to be in the data
set used for the depth
analysis (must be less
than or equal to 200 - the
absolute maximum number
of data points allowed)



Card 5: (use only if IPOLE = 1)
(2F10.1) Cols: 1-10
Cols: 11-20

Card 6: (use only if ISECT = 2)
(4I10,F10.3) Cols: 1-10
11-20
21-30
31-40

FINC

ANG

NRES

NPEAKD

NPEAKT

IouT

Inclination of the earth's
magnetic field where the
magnetic profile was
measured (in degrees)

Angle between magnetic north
and the ship's heading (in
degrees where 180 > ANG > 0)

The number of residual
checks which are to be

made during the execution
of section 2. The normal
cycle is: 1lst sgr.-residual
check - lst sq - residual
check - 1lst sq - etc.,
depending upon NRES.
initial use of NRES=1)

(Recomme:

Thick body analysis:

The number of bell-shaped
curves which are to be used
by the least square routine
during its first series of
iterations. If NPEAKD=0, all
bell-shaped curves (max. of
10) with peak values greater
than(AXCUT % internal cutoff)
will be used. NPEAKD must be
less than or equal to 15.
(Recommend either: 1. use the
two step procedure described
above to determine NPEAKD or
2. use NPEAKD=0)

Thin body analysis: (same
description, requirements,
and recommendations as for
NPEAKD)

Flag to control the extra
output for the values for:
1. the least square approx-
imation and 2. the residual
values (a(x) - computed)

=0 no output is desired

=1 output is desired
(Recommend initial use of
IOUT=1)



Cols: 41-50 CUTRSD
Card 7: (use only if ISECT=2)
(81I10) Cols: 1-10 ITIR(1)
(required)
. : 11-20 ITIR(2)

(only if NRES>0)

(as required up
to ITIR(NRES+1))

Card 8 to end of data set:
(160,12,76,13,12,2F2.0,F5.0)

6-8 ID
9-10 IH
11-12 AM

13-14

&

A factor which is to be
multiplied by the inter-
nal value of the residual
curve cutoff point. This
is an arbitrary criteria
used in determining whether
a local maxima in the
residual curve is large
enough to allow another
bell-shaped curve to be
added. (Recommend using
CUTRSD=1, on the first run)

The number of iterations of
the least squares routine
which are to be made during
the first call of MARQl.
(MARQ1 is the name used

for the least squares
routine) (recommend using
ITIR(I) < 3 on first run)

: The number of iterationsof

the least squares routine
which are to be made after
the first residual check
and during the second call
of MARQl.

: The number of iterations

of the least squares routin
which are to be made after
the NRES residual check and
during the NRES+l call of
MARQL.

Input of time and total field values

: Julian day (sequential

starting from 1 on January
1)

Hour (based on 24 hour day)

: Minute

. Second



Cols: 15-19 TOTMAG : Measured total field
intensity value. (The
program will subtract
a constant field (=
average field value)
from all measured total
field values. If residual
field intensity values are

- used, a minor change will
have to be made to the
main program (those
statements directly
following the data inter-
polation section)) '

60-61 "IY : Year

Note: Data cards of a different format can readily be used by changing
statement 100 in Subroutine INPUT to fit the new data format.
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Some Do's and Don'ts : '

At the time of writing of this 'suggestion' section, the program
MAGDEP has had limited use; consequently, many of the following
suggestions may eventually become obsolete or possibly even misleading.

It is hoped that helpful additions and deletions will be made to this
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description as they are discovered. The current state of the art in
computersAand algorithms to do non-linear least squares requires a great
deal of computing time and memory storage space. It is thus advantageous
for the user of MAGDEP and other similar programs, to take a few extra
precautions to insure a less expensive and higher quality solution on
the first attempt. The two step procedure, as described earlier, is a
worthy precaution and consequently a highly recommended DO. Some
observationsiconcerning the operation of the least squares routine,
which might be useful are:

Least Squares

1. The better the initial guesses to the parameter values, the
faster the routine will reach a good solution. It should be
noted that the two techniques described by Nabighian (1972)
for determining trial depth values (EQs. 19 and 21) were
attempted and found to give adequate results. Unfortunately,
occasional bad depth estimates (probably the result of noise
in the spectral transformations) were encountered which
adversely affected the least square solution. The current
method for finding trial depths, although basically simple,
has provided more reliable trial values for the least square
solution” B ‘

2. The least squares routine converges most rapidly for the
amplitude of the symmetric curve, less rapidly towards the
width of the curve, and least rapidly for the position of the
curve.



3. The rapid amplitude convergence also means that smaller
amplitude curves adjacent to or on the flanks of large
amplitude curves, are often wiped out during the first
series of iterations of the least square routine. These
small peaks seem to have a better chance for survival
after the large peaks are 'locked in'. The residual
analysis has been designed to restore these small peaks
and other less obvious ones so that they will be included
in the depth analysis.

4. To improve a solution when there is a region of small
amplitude symmetric curves near an area of large amplitude
peaks, it is often best to break the profile into two parts
and analyze them separately.

5. Since the number of multiplications for I iterations of the
least square routine is approximately equal to 13 x I Xx KX N,
where K is the number of parameters (i.e., 3 x number of bell-
shaped curves) and N is the number of data points, 1t is
advantageous to either: :

a. Use the largest possible sample 1nterval which does not
jepordize the depth. resolution or

b. use a smaller sample interval for only a short time period.
Both possibilities will minimize the total number of data
points.

A list of some other do's and don'ts includes:
DO Data DON'T

__' Input and Interpolation
- 1. Do modify the subroutine INPUT to 1. Don't input residual

. accommodate a different data magnetic values without
. input format if necessary. first changing three
statements in the main
2. Do interpolate raw data to the program.

largest sample interval which
will not dffect the depth resolu- 2. Don't use unevenly sampled

tion. (max resolution is probably data without using the data
about 1/2 the sample interval) interpolation option.

3. Do use raw data sampled at the 3. Don't use more than 200
closest interval possible. It input raw data cards or
is far better to interpolate to request more than 200
a larger sample interval from raw. interpolated data points.

data than to use fewer data cards.

4. Do check the sample listing of
the raw data and interpolated
data to insure against any
input reading errors.
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Computing a(x) and
initial deconvolution

Do request initial plot on
the first run for any new
data set (INPLT=1).

Do use a two step procedure
and for the first step let
the program decide the
number of bell-shaped
curves to use (let NPEAKT
and NPEAKD = 0),

Do consider carefully what
the maximum source depth
might be + 2 km (i.e.,
don't guess wildly and

set to 100).

Do examine the plot of

the a(x) curve carefully
for all symmetric curves
which might be detected
visually,

Do break up a data profile
into smaller segments orxr
change the sample

interval if the a(x) curve
has groups or areas of
high and low amplitude
peaks.

l.

5.

Don't request more than 15
bell-shaped curves (i.e.,
don't let NPEAKD or NPEAKT =
16 or more),

Don't request a large number
(>7) of bell-shaped curves
on a first run, unless the
least squares routine will
not be used,

Don't set the cutoff for the
a(x) curve too low (i.e.,
AXCUT) ; otherwise noise
becomes a problem.,

Don't be afraid to request
a plot of the profile reduced
to the pole - its cheap.

Don't worry if the initial
parameter curve looks like a
poor fit to the a(x) curve -
least squares does a good job.

Least squares and
residual analysis

Do remember that the time
required for each least
squares analysis will be
proportional to the number
of multiplications
performed (about 13 x #
iter x # data pts x #
parameters).

l.

Don't use a cutoff value for
the residuals which is too low
(i.e., RSDCUT), it may cause

a false symmetric curve to be
added which may affect the
least squares analysis. The
internal cutoff has worked

all right so far (RSDCUT=l),



2.

Do use at least one residual
analysis.

Do use enough iterations
(min.of 3) on the first
least square analysis to
allow the residual values
to develop adeguately.

Do expect that the least
square solution may 'seek’
or oscillate through the
correct value from iteration
to iteration,

Don't be discouraged if a
seemingly poor fit is obtained
after only a few iterations.
The program will inform you if
major problems arise and will
give words of encouragement
and advice.



Flow Diagrams

The detailed flow diagrams for the entire program and some of the
more important subroutines are included for two reasons:

1. To give the interested (or confused) user an opportunlty to
look into the 'black box' of MAGDEP

2. To assist in trouble shooting should difficulties arise
For the purpose of illustration, the entire program has been broken into the
two sections which were described previously. The physical layout of the
program is such that this separation into two sections is not readily
apparent. Those subroutines which do not have a detailed flow diagram
included here are. indicated by dashed boxes; those with flow diagrams are
indica;ed by double solid boxes. The name of the subroutine. lies in one

corner of the outer most box.

Explanation for flow diagrams:

(:::) Start and stop

Return from subroutines

Go to

Computational procedure

Input and output

O
]
>
<::::> 'Decision
[—]]

Description of a subroutine which
has a detailed flow diagram

[::::] | Description of a subroutine which does
L___.___J not have a detailed flow diagram



Flow diagram of entire program MAGDEP:

DATA INTERPOLATION SUBTRACT
RY ‘ REGIONAL FIELD

INTERP

COMPUTE AND gz;é:;. WRITE CONSTANTS FOUND
a(x) CURVE FF VALUES BY THE COMPUTER

USE TOTMAGS
FOR ANALYSIS

COMPUTE PROFILE

. TO POLE
FLOT: TOTMAGS,AND
POLE MAGS |
! ' COMPUTE:
WRITE HEADING WRITE a(x) PIND SYMMETRIC COMPONENTS )] 4 NTTInL PARAMETER CURVE
FOR INITIAL PLOTS VALUES OP THE a(x) CURVE RESTLUML CURVE
SYVERS
[
PLOT: a(x) CURVE .
‘°°:° AND TOTMAG CURVE
>
END OF
SECTION 1
starr \ Y
SECTION CHECK RES IDUALS
2 RSDCHK




Flow diagrams of important subroutines:

SUBROUTINE INPUT

WPITE VALUES FROM
1ST XD LAST DATA CARD

e - ————

COMPUTE THE STORE TIME DIFFERFNCE]
TIME DIFFERENCE AND TOTMAG VALUE
L DF
- — o —— -

SUBROUTINE INTERP

{ SPLINE !
|
! BINARY SEARCH
| INTERPOLATING TO LOCATE THE
= Al
. : INTERPOLATION INTERVAL

COMFUTE NEW INTERPOLATED:
RETURN TIMES, TOTMAG VALUES,
. 9% ( TOTMAG) VALUES

SUBROUTINE HILBRT

'_....,___---__..-_--—._ - . i . wm e ot —— - - - —— - — o
FILL A COMPLEX ARRAY
1 WITH DATA POINTS
t f
 FORSET - 1

e s W o e e - S — = —— e e — —— ——— — —— —— — - ——— — — — o - ——

NO, OF
DATA POINTS
MWER OF

ADD TEROS TO |
COMIUTY. NEXT HIGHEST ;
or 2 H COMPLEX ARKAY TO

REACH PUOWER OP 2

- -‘- - et - -
1 PORMOD ] t
| ' !

)-1— FOURIER L_{ reTURN’
TRANSFORM| !
'
[]



SUBROUTINE SYMPR3

FIND LOCAL | * PEAKS
START MAXIMA FOR COMPUTE: 2ND DERLV., S?:En::;g;ca;;wm ——
SYMPR3 iy THEORETICAL DEPTH |~ : 5 g
2= 1A A a0 _curve cDECREASING a(x) VALUE |

===

| COMPUTE INITIAL|
. | DEPTHS

WRITE PARAMETER VALUES
FOR INITIAL PEAKS FOUND.

COMPUTE OTHER
PARAMETERS

SUBROUTINE MARQL '

- s wr s wn ow o nem

— -

START COMPUTE SUM OF) COMPUTE 1 ITERATION OF

i-__. - e w- ---"
) |COMPUTE .
COR., COEFP. FOR
EACH PEAK

L PEAKET _ _

L4

WRITE
EXPLANATION



-

FIND LOCAL QHECK YES COMPUTE: 2ND DERIV.,
MAXIMA IN RESIDUAL VALUE | TEcRETIOAL DoETH
RSDCHK /A A | ResTDUAL cuRvE > CuTOFE,
< fo
. Y
-

SUBROUTINE RSDCHK

- e e - - = ey

[COMPUTE INITIAL DEPTH
OP NEW TEMPORARY ﬁﬁngma
i ETRIC PEAKS !

THE FIRST NEW

IS THI

SAVE LAST NEW

SAVE PREVIOUS

NEW PEAK AND ADD TO
LIST OF OLD PEAKS

| PEAX AND ADD TO-
LIST OF OLD PEAKS

WRITE:

- - -

UTE NEW
PARAMETER CURVE

COMPUTE NEW
RESIDUAL CURVE

COMPUTE COR4

-

<

~NO. PEAKS ADDED
=NO, PEAXS DELETED

WRITE PAPAMETER
VALUES FOR ALL
PEAKS SAVED

COEFF. FOR
EACIl PEAK

<




Programming Considerations
Listed below are suggestions for making minor changes to program
MAGDEP which might be desired at some later time:
A. To change input data form;t:
1. Modify statement 100 in subroutine INPUT.
B. To use residual magnetic values as input:

1. Modify the statement immediately preceeding statement 120 in
the main program. Do not subtract AVG from an input (or
interpolated) values.

C. To increase the numbgr of data points which may be used, up to N,
modify the following statements: Note: wherever N appears, use
* the desired integer number for N.
1. Main Program:
COMMON TIME (N), B(N), C(N), D(N), E(N), F(N)
COMMON /PRMCRV/XF (N)
DIMENSION AX(N), TMAG(N), DTMAG (N)
COMPLEX CAX (next even power of 2 above N)

2. Subroutine INTERP

COMMON XAXIS(N), B(N), C(N), D(N), E(N), XY(N)

3. Subroutine SPLINE
REAL*4 H(N), SPP(N)

4, Subroutine HILBRT
COMPLEX AXM (next even power of 2 above N)
5. Subroutine POLRED

COMMON X(N), XX(4N)



7.

10.

11.

12,

13.

14,

15.

16.

Subroutine SYMPR3

COMMON X(N), Q(N), T(N), XX(3N)

Function DEP

COMMON X(N), XX(5N)

Subroutine PEAKFT

éOMMON X(N), ¥Y(N), C(N), D(N), DIFF(N), XX(N)
COMMON /PRMCRV/ F (N)

Subroutine PLOT

COMMON X(N), XX(5N)

DIMENSiON u(), V(l), w(l), ¥Y(N,3), SYM(3)
Subroutine PRLPLT

DIMENSION SYM(NY}J ZY(1l), GRAPH(101l), ¥Y(N,3), X(1)
Subroutine MARQ1

COMMON X(N), TM(N), SS(N), TEM(N), DIFF(N), XX(N)
COMMON /PRMCRV/ F (N)

DIMENSION P(N,45), Y(1)

Subroutine DERIV

COMMON X(N), XX(5N)

DIMENSION P(N,45)

Subroutine FUNCT

COMMON X(N), XX(SN)

Subroutine PRMCHK

COMMON X(N), TT(N), TM(N), XX(3N)

Subroutine RSDCHK

COMMON X(N), Q(N), REJ(N), W(N), R(N), F(N)
COMMON /PRMCRV/ FF (N)

SUBROUTINE INPUT
IF(N.GT N) Go to 10



To increase the number of parameters allowed to KMAX (i.e., 3 times

the no. of symmetric curves) change the following: Note: wherever

KMAX appears, use the desired integer number for KMAX.

1.

Main Program

COMMON /SYM/ PARM(KMAX), NPAR

Subroutine SYMPR3

COMMON /SYM/ B(KMAX), K

DIMENSION AX(l), IDIST (KMAX), ZFAX(KMAX)

KMAX='KMAX' (directly below statement 104)

Subroutine PEAKFT

COMMON /SYM/ B(KMAX); K

Subroutine MARQL

COMMON /SYM/ B(m;x, K)

DIMENSION P (200,KMAX)

DIMENSION GC (KMAX), GS(KMAX), GU(KMAX), D(KMAX), DS (KMAX),
DG (KMAX) , Bl (KMAX), A(KMAX, KMAX), AS(KMAX, KMAX)

Subroutine DERIV -

COMMON /SYM/ B(KMAX), K

DIMENSION P (200, KMAX)

Subroutine PRMCHK

COMMON /SYM/ B(KMAX), K 8. SUBROUTINE MARQGS

DIMENSION A{(KMAX, KMHX), B(1l),X(1)
Subroutine RSDCHK

COMMON /SYM/ B(KMAX), K

KMAX="'KMAX' (directly after statement 108)

The following subroutineshave been written so that they may be

used outside of MAGDEP; the only changes required are to dimension

or ‘common statements:



INTERP (SPLINE)
SPLINE
HILBRT (FORK, FORSET, FOI?.MOD)
FORSET
FORK
FORMOD
CORLAT
MINMAX
PLOT (MINMAX, PRLPLT)
PRLPLT
Note: other subroutines which are called by the main subroutine

are enclosed in parenthesis.



APPENDIX II - Program Listing for MAGDEP
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FORTRAN PROGRAM MAGDEP
FORTRAN IV LEVEL G USGS. OPeN File T4—-(otT
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THE PROGRAM IS DESIGNED TO PROVIDE A METHOD FOR .FINDING THE DEPTH TO

CORNERS OF A TWO-DIMENSICNAL MAGNETIC SOURCE BODY WHEN GIVEN ONLY THE TOTAL
FIELD MAGNETIC INTENSITY PROFILE. ASSUMPTIONS MADE ABOUT CAUSITIVE SOURCE

BODY: l. A TWO-DIMENSIONAL STRUCTURE
2. UNIFCRMLY MAGNETIZED

3., A FINITE OR INFINITE POLYGON IN CROSS SECTIONM
TWO DEPTH AMALYSES ARE MADE BY THE PROGRAM: l. THICK BODIES AND 2. THIN

BODTES(THICKMESS LESS THAN DEPTH). THE DETERMINATION OF THE CORRECT SQURCE
BODY SHAPE DEPENDS UPCN A CAREFUL INTERPRETATION OF RESULTS FRGCM BOTH DEPTH

ANALYSES. THE TeCHNIQUES USED BY THE PROGRAM ARE BASED ON THE WORK OF:
1. THEORY: NABIGHIAN, MISAC N«.,GEGCPHYSICS,V.37,PP507-517,1372

2. LEAST SQUARES: MARQUARDT, DOMN W,JCUR SOC.APPL.MATH,V11,4P431-441,1963
AND JOHNSONy WILLIAM WyGEOPHYSICS yV34yNO1,PP65~-T4,1969

FOR FURTHER DETAILS SEE DOCUMENTATICN AVAILABLE FRCM OFF. MARINE GEOLOGY

t

USE OF PROGRAM: THé PROGRAM CAN BE USED IN ONE OR TWO SECTIONS WHICH:
SECTIOM 1: COMPUTES A(X) CURVE, MAG PROFILE REDUCED TO POLE, INITIAL

TRIAL VALUES FOR PARAMETERS GF THE SYMMETRIC CURVES (1 CURVE
PER BODY CORNER AND 3 PARAMETERS PER CURVE(A,H,C))

SECTION 2: LEAST SQUARE ANALYSIS, RESIDUAL ANALYSIS
GENER AL PROCEDURE TO FOLLOW WHEN EXAMINING A NEW DATA PROFILE:

1. USE PROGRAM THRU SECT 1 TO SEE PLOT OF A(X) CURVE — USE S5 MIN VALUES
2. EXAMINE A{X) CURVE FOR NO. AND TYPES OF SYMMETRIC CURVES. THE HALF-MAX

HALF-WIDTH IS DEPTH TO BODY CORNER. CHOGSE GOOD VALUE FOR CUTAX. .
3. BREAK PROFILE IMNTO SMALLER SEGMENTS: A. TO SEPARATE AREAS OF LARGE AND

SMALL PEAKS B. TO DELETE OR LOCK CLOSER AT 'FLAT' AREAS C. TO . STAY
WITHIN THE MAX, OF POINTS (INPUT OR INTERPOLATION: MAX=200)

4. COMPUTE THRU SECTION 2 USING ITIR(1&2)=SMALL NO. DO OMLY 1 RESIDUAL
AMALYSIS. AFTER RUN, CHECK VALUE OF CUTRSD ‘

5. MAKE FINAL RUN BASED UPON RESULTS FROM STEPS 1 THRU 4
NOQTE: THE EXECUTION TIME FOR THE LEAST SQUARES ROUTINE(SECT 2) IS USUALLY

FROM 5 TO 15 TIMES GREATER THAN FOR SECT l. UNDER SOME CIRCUMSTANCES,
WHERE HIGH PRECISION IS NOT REQUIRED, SATISFACTORY RESULTS CAN BE

OBTAINED BY OMITTING SECT 2 AND USING ONLY A VISUAL INSPECTION OF
THE A{X) CUPVE.

INPUT CCNSTANTS REQUIRED:
CARD 1: HEADING i FORMAT(20A%) REQUIRED

O OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OOy OO

CARD 2: REQUIRED FORMAT(F10.1,21I10)
SPDKT = SHIP SPEED IN KNGOTS
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